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(54) Gas recovery unit 



(57) Provided is a gas recovery unit which is more 
efficient in its recovery and less expensive to run. The 
gas recovery unit comprises a CVD device (A), an ex- 
haust gas recovery part (D) and an exhaust gas purifi- 
cation part (E). The exhaust gas recovery part (D) is con- 
structed so as to have an inert gas reservoir part (D1) 
capable of accommodating liquid nitrogen, to have an 
exhaust gas supply part (D2) for supplying an exhaust 
gas to said inert gas reservoir part (D1 ) so that it can be 
brought in gas-liquid contact with the liquid nitrogen, and 
to have a recovered and liquefied gas discharge part 



(D3) for discharging the recovered and liquefied gas 
which has been liquefied in the inert gas reservoir part 
(D1). The exhaust gas purification part (E) is construct- 
ed so as to have a recovered and liquefied gas reception 
part (E10) : an evaporator (E22) and a condenser (E23) 
for carrying out a heat exchange between said liquid ni- 
trogen and the recovered and liquefied gas which has 
been evaporated, and cleaning gas recovery parts 
(E25a), (E25b), and to have a cooling inert gas dis- 
charge part (E27) f wherein the cooling inert gas dis- 
charge part (E27) is connected to the inert gas supply 
path (A3). 
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Description 

The present invention relates to a gas recovery unit, 
in which a CVD device is provided which has a gas in- 
troduction part having an inert gas supply path for sup- 
plying a diluting inert gas and a cleaning gas supply path 
for supplying a cleaning gas, each connected thereto. 
The unit also has an exhaust gas discharge part for re- 
leasing an exhaust gas, and an exhaust gas recovery 
part for cooling down and recovering said cleaning gas 
from the exhaust gas from said CVD device and an ex- 
haust gas purification part for purifying the liquefied and 
recovered exhaust gas The present invention also re- 
lates to a gas recovery unit in which an etching device 
(A) is provided which has a gas introduction part having 
an inert gas supply path for supplying a diluting inert gas 
and an etching gas supply path for supplying an etching 
gas, each connected thereto. The unit also has an ex- 
haust gas discharge part for releasing an exhaust gas, 
and an exhaust gas recovery pari for cooling down and 
recovering said etching gas from the exhaust gas from 
said etching device and an exhaust gas purification part 
for purifying the liquefied and recovered exhaust gas. 

In a gas recovery unit, in which a CVD device is pro- 
vided which has a gas introduction part having an inert 
gas supply path for supplying a diluting inert gas and a 
cleaning gas supply path for supplying a cleaning gas, 
each connected thereto, and which has an exhaust gas 
discharge part (A7) for releasing an exhaust gas, it is 
necessary to remove, from said CVD device, foreign 
matters generated therein such as silicon dioxide 
(Si0 2 ). polysilicon, silicon nitride, metal silicide and 
amorphous silicon, because such foreign matters can 
have a detrimental influence upon the products. Accord- 
ingly, there has been hitherto carried out such a cleaning 
method which comprises introducing a cleaning gas into 
said CVD device to convert said foreign matters to vol- 
atile substances, and removing these volatile substanc- 
es. By introducing into said CVD device a compound 
which can be reacted with said foreign matters to con- 
vert said foreign matters to gaseous components, such 
as nitrogen trifluoride (NF 3 ) which converts silicon diox- 
ide (Si0 2 ) to silicon fluoride (SiF 4 ), same has to be re- 
moved from the CVD device. The cleaning gas has also 
been often used in an amount larger than its necessary 
amount, and in such a case, this excess amount of the 
cleaning gas beyond the necessary amount will be 
mixed in said exhaust gas. When said cleaning gas is 
in particular harmful or expensive, it is desired that the 
cleaning gas be recovered for recycle use. Thus, vari- 
ous gas recovery units have been proposed. 

Also, in using an etching device, in which an etching 
gas capable of being reacted, for example, with a sem- 
iconductor film or the like is brought into contact with 
said semiconductor film, thereby carrying out the etch- 
ing, recovery of the etching gas for recycle use has been 
suggested. 

There has been proposed as the exhaust gas re- 



covery part of such a gas recovery unit a recovery part 
in which the cooler is constructed by providing a supply 
part for supplying cooling gas in a liquid state and a cool- 
ing gas circulation part which will be cooled down by 

s heat of evaporation of said cooling gas. As the exhaust 
gas purification part of such a gas recovery unit, it has 
been suggested to construct one so that the recovered 
exhaust gas is purified by use of a rectification column 
having a condenser accommodating the cooling gas in 

10 a liquid state. Even if a gas recovery unit is designed 
which has the aforementioned exhaust gas recovery 
part and exhaust gas purification part, however, there 
are various problems. For example, various problems 
include the power required, the unit as a whole easily 

15 becoming larger in scale, the increased cost for operat- 
ing the cooler and condenser, and the cooling efficiency 
becoming lower in relation to energy consumption be- 
cause the cooler and condenser are comprised in such 
a way that the evaporated cooling gas is used as recycle 

20 by W ay of a compressor for liquefying the same gas 
again. Thus, it has been further proposed to use liquid 
nitrogen as said cooling gas. 

In such a conventional gas recovery unit as dis- 
cussed above, however, the design has been such that 

25 the nitrogen gas formed by the evaporation of liquid ni- 
trogen is released for disposal to the atmosphere, al- 
though the cooling efficiency can be set relatively higher. 
Therefore, it has been pointed out that it is uneconomi- 
cal to release the evaporated nitrogen gas for disposal 

30 to the atmosphere. Further, it is desired to improve the 
gas recovery unit so that the cleaning gas or etching gas 
can be more effectively recovered from the exhaust gas. 

Due to the consideration of the aforementioned 
facts, it is therefore an object of the invention to provide 

35 a gas recovery unit in which the recovery efficiency of 
the cleaning gas or etching gas is greater and the run- 
ning cost is less expensive. 

According to the invention, there is provided a gas 
recovery unit as claimed. A CVD device is provided 

40 which has a gas introduction part having an inert gas 
supply path for supplying a diluting inert gas and a clean- 
ing gas supply path for supplying a cleaning gas, each 
connected thereto. The device also has an exhaust gas 
discharge part for releasing an exhaust gas, and an ex- 

45 haust gas recovery part for cooling down and recovering 
said cleaning gas from the exhaust gas from said CVD 
device and an exhaust gas purification part for purifying 
the liquefied and recovered exhaust gas. The diluting 
inert gas is comprised of a gas having a boiling point 

so tower than that of said cleaning gas. The exhaust gas 
recovery part is constructed so as to have an inert gas 
reservoir part capable of accommodating a cooling inert 
gas having a boiling point lower than that of said clean- 
ing gas in a liquid state, to have an exhaust gas supply 

55 part for supplying said exhaust gas to said inert gas res- 
ervoir part so that it can be brought in gas-liquid contact 
with said cooling inert gas, and to have a recovered and 
liquefied gas discharge part for discharging the recov- 
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ered and liquefied gas which has been liquefied in said 
inert gas reservoir part. The exhaust gas purification 
part is constructed so as to have a recovered and lique- 
fied gas receptor part provided for receiving the recov- 
ered and liquefied gas from said exhaust gas recovery 5 
part, to have an evaporator for evaporating said recov- 
ered and liquefied gas, a condenser for carrying out a 
heat exchange between the cooling inert gas in the liq- 
uid state consisting of the same composition as said di- 
luting inert gas and said recovered and liquefied gas 
which has been evaporated, and cleaning gas recovery 
parts for recovering the cleaning gas which has been 
condensed in saia condenser and to have a cooling in- 
ert gas discharge part for discharging said cooling inert 
gas which has been evaporated, with the cooling inert 
gas discharge part being connected to said inert gas 
supply path. 

According to a preferred embodiment of the inven- 
tion, there is provided an etching device having a gas 
introduction part comprising an inert gas supply path for 
supplying a diluting inert gas and an etching gas supply 
path for supplying an etching gas, each connected 
thereto. The etching device also has an exhaust gas dis- 
charge part for releasing an exhaust gas, and an ex- 
haust gas recovery part for cooling down and recovering 
said etching gas from the exhaust gas from said etching 
device and an exhaust gas purification part for purifying 
the liquefied and recovered exhaust gas. The diluting 
inert gas is comprised of a gas having a boiling point 
lower than that of the etching gas. The exhaust gas re- 
covery part is constructed so as to have an inert gas 
reservoir part capable of accommodating a cooling inert 
gas having a boiling point lower than that of the etching 
gas in a liquid state, to have an exhaust gas supply part 
for supplying said exhaust gas to said inert gas reservoir 
part so that it can be brought in gas-liquid contact with 
said cooling inert gas, and to have a recovered and liq- 
uefied gas discharge part for discharging the recovered 
and liquefied gas which has been liquefied in said inert 
gas reservoir part. The exhaust gas purification part is 
constructed so as to have a recovered and liquefied gas 
reception part for receiving the recovered and liquefied 
gas Irom said exhaust gas recovery part; to have an 
evaporator tor evaporating said recovered and liquefied 
gas, a condenser for carrying out a heat exchange be- 
tween the cooling inert gas comprised of the same com- 
position as said diluting inert gas and said recovered 
and liquefied gas which has been evaporated; etching 
gas recovery parts for recovering the etching gas which 
has been condensed in said condenser; and to have a 
cooling inert gas discharge part for discharging said 
cooling inert gas which has been evaporated, with the 
cooling inert gas discharge part being connected to said 
inert gas supply path. 

According to another aspect of the invention, the 
gas recovery unit comprises a prepurification part for 
pre rectifying said recovered and liquefied gas so that a 
miscellaneous gas having a boiling point lower than that 



of said cleaning gas or said etching gas is removed from 
the recovered and liquefied gas, and a miscellaneous 
gas discharge part for discharging said miscellaneous 
gas. 

According to another aspect of the invention, there 
is provided a gas recovery unit comprising a miscella- 
neous gas supply part for supplying said miscellaneous 
gas from said prepurification part into gas-liquid contact 
with said cooling inert gas. 

According to another aspect of the invention, the 
cleaning gas or said etching gas contains at least any 
oneof nitrogen trifluoride (NF 3 ), any PFCs such as hex- 
afluoroethane (C 2 F 6 ), chlorine trifluoride (C^F 3 ), 
tetrafluoromethane (CF 4 ), trifluoromethane (CHF 3 ), sul- 
fur hexafluoride (SF 6 ), hydrogen chloride (HCI) and 
chlorine (Cf 2 )- 

Preferably, the inert gas is nitrogen gas. 

When an exhaust gas from a CVD device (etching 
device) is supplied to an inert gas reservoir part which 
can accommodate cooling inert gas comprised of a gas 
having a boiling point lower than that of cleaning gas 
(etching gas) in a liquid state so as to be capable of be- 
ing brought in gas-liquid contact with said cooling inert 
gas, the cleaning gas (etching gas) in said exhaust gas 
is cooled down by said cooling inert gas and recovered 
into the cooling inert gas in a liquid state in the inert gas 
reservoir part. Owing to this construction, accordingly, 
an extremely high gas recovery efficiency of said ex- 
haust gas is exhibited, as compared with the construc- 
tion of a conventional exhaust gas recovery part using 
a cooling machine. In addition, said exhaust gas gener- 
ally contains an excessive amount of the cleaning gas 
(etching gas) remaining in said CVD device (etching de- 
vice) and a volatile component (hereinafter merely 
called a miscellaneous gas) generated in said CVD de- 
vice (etching device). 

The cleaning gas (etching gas) which has been re- 
covered is then discharged as the recovered and lique- 
fied gas from the recovered and liquefied gas discharge 
part and sent to the exhaust gas purification part. Al- 
though the recovered and liquefied gas easily gets 
mixed with said cooling inert gas and a miscellaneous 
gas component having a high boiling point, the exhaust 
gas purification part is constructed such that the recov- 
ered and liquefied gas is received and purified in the 
exhaust gas purification part, whereby only the cleaning 
gas (etching gas) can be recovered. Namely, the ex- 
haust gas purification part is constructed such that the 
recovered and liquefied gas which has been received 
therein is evaporated by means of an evaporator and 
the recovered and liquefied gas which has been evap- 
orated is condensed by means of a condenser, whereby 
the cleaning gas (etching gas) can be taken out of the 
recovered and liquefied gas. The miscellaneous gas 
component, having a high boiling point, can be removed 
as a liquid therefrom and said cooling inert gas can be 
removed as a gas therefrom 

Since the condenser is constructed so as to use 



75 



20 



25 



30 



35 



40 



45 



SO 



3 



BNSDOCJD: <EP 0771887A1 J_> 



5 



EP 0 771 887 A1 



6 



cooling inert gas in a liquid state having the same com- 
position as the diluting inert gas and to carry out a heat 
exchange cooling inert gas with the recovered and liq- 
uefied gas which has been evaporated, this cooling inert 
gas can be reused as a diluting inert gas for said CVD s 
device (etching device) even if it is evaporated by the 
heat exchange with said cleaning gas (etching gas) in 
the recovered and liquefied gas. Further, since the cool- 
ing inert gas discharge part of the condenser is connect- 
ed with the inert gas supply path of said CVD device 10 
(etching device), said cooling inert gas can be usefully 
utilized, not rejected. 

There are some cases where the miscellaneous 
gas having a low boiling point in said exhaust gas can 
be eliminated as a gaseous component in said exhaust is 
gas recovery part because it is not liquefied in the ex- 
haust gas recovery part. If a prepurification part for pre- 
rectifying the recovered and liquefied gas to remove a 
miscellaneous gas having a boiling point lower than that 
of said cleaning gas or said etching gas from the recov- 20 
ered and liquefied gas is provided in said exhaust gas 
purification part, then in a case where it is desired to 
remove the miscellaneous gas having a boiling point 
with high precision so that the exhaust gas is purified, it 
becomes possible to remove the miscellaneous gas 25 
having a low boiling point from the miscellaneous gas 
discharge part of said prepurification part. This is useful 
for rendering a higher purity recovered and purified 
cleaning gas (etching gas) from an exhaust gas. 

If the gas discharged from said. miscellaneous gas 30 
discharge part can be further brought into gas liquid con- 
tact with the cooling inert gas in said exhaust gas recov- 
ery part then in this case, it is possible to recover the 
cleaning gas (etching gas) again and to utilize the same 
gas effectively, even when the cleaning gas (etching 35 
gas) has been mixed in the gas discharged from said 
miscellaneous gas discharge part. Even if said cleaning 
gas (etching gas) is harmful, it is possible to harmful gas 
leaks into the atmosphere and thus it becomes possible 
to reduce the cost involved in eliminating said harmful 40 
gas. 

By cooling down said cleaning gas (etching gas), 
without using the power of a compressor or the like, the 
exhaust gas can therefore be cooled down at a higher 
cooling efficiency, and said cleaning gas (etching gas) 45 
can be more reliably liquefied for recovery. Thus, even 
if said cleaning gas (etching gas) is harmful to the envi- 
ronment, the environment will seldom be detrimentally 
effected. In a case where said cleaning gas (etching 
gas) is expensive, it becomes further possible to de- so 
crease the running expense of said CVD device (etching 
device) because the utilization efficiency of said clean- 
ing gas (etching gas) in the CVD device (etching device) 
becomes higher and the need of using a large amount 
of the cleaning gas (etching gas) becomes smaller. ss 

Since said cooling inert gas is used as a diluting in- 
ert gas for the CVD device (etching device), it becomes 
possible to provide a gas recovery unit having such a 



simple construction that one inert gas supply facility sys- 
tem is merely provided By utilizing an inert gas supply 
facility also as the supply facility for the cooling inert gas 
and the diluting inert gas, in addition, the operation ex- 
pense can be reduced. 

If said cleaning gas (etching gas) contains at least 
any one of nitrogen trifluoride (NF 3 ), hexafluoroethane 
(C 2 F 6 ), chlorine trifluoride (CtfF 3 ), tetrafluoromethane 
(CF 4 ), trifluoromethane (CHF 3 ), sulfur hexafluoride 
(SF 6 ), hydrogen chloride (HCI) and chlorine (Ctf 2 ). it is 
possible to effectively evaporate foreign matter (a sub- 
stance to be etched) in said CVD device (etching de- 
vice), and to effectively operate the CVD device (etching 
device) even when a cleaning gas (etching gas) having 
a lower concentration is used, while realizing the advan- 
tages of restraining the amount of cleaning gas (etching 
gas) used, reducing the operation expense and easily 
using the cleaning gas (etching gas) in recycle. 

Nitrogen gas is preferably used as said inert gas. 
This inert gas is preferable because nitrogen gas is 
cheaper, its boiling point is lower than that of the various 
cleaning gases (etching gases) mentioned above and a 
general usability is easily obtained. 

Various embodiments of the present invention will 
be described, with reference to tho Figures of the Draw- 
ing, wherein: 

Fig. 1 is a schematic view of a gas recovery unit 
according to the present invention; and 
Fig. 2 is a schematic view of a gas recovery unit in 
another embodiment. 

In the figures of the drawing, the symbols have the 
following indications: 

A - CVD device, A3 - inert gas supply path, A4 - 
cleaning gas supply path, A7 ~ exhaust gas discharge 
part, D ~ exhaust gas recovery part, D1 inert gas res- 
ervoir part, D2 - exhaust gas supply part, D3 - recov- 
ered and liquefied gas discharge part, D5 ~ miscellane- 
ous gas supply part, E ~ exhaust gas purification part, 
E1 -prerectificationpart, E10-- recovered and liquefied 
gas reception part, El 3 - miscellaneous gas discharge 
part, E22 - evaporator, E23 - condenser, E25a, b - 
cleaning gas recovery parts, E27 -- cooling inert gas dis- 
charge part. 

As shown in Fig. 1 , the gas recovery unit according 
to the present invention is constructed by successively 
connecting an exhaust gas recovery part D and an ex- 
haust gas purification part E downstream of an exhaust 
gas discharge pipe A7 of a CVD device A by way of a 
filter device B and an adsorption device C. A discharge 
path E25 for the recovered cleaning gas, which has 
been purified by a condenser E23 of said exhaust gas 
purification part E, is connected with a cleaning gas sup- 
ply path A4 of said CVD device A, and a cooling inert 
gas discharge part E27 for discharging the cooling inert 
gas which has been evaporated from said condenser 
E23 is connected with a diluting inert gas supply path 



BNSDOCID: <EP 0771887A1J_> 



4 



$ 



7 EP 0 771 887 A1 8 



A3 of said CVD device A. 

By providing a cooling inert gas supply part F for 
supplying liquid nitrogen as the cooling inert gas to said 
exhaust gas recovery part D and as the cooling inert gas 
to the condenser ot said exhaust gas purification part E, 
the gas recovery unit is constructed such that the cool- 
ing inert gas can be supplied. By connecting a low boil- 
ing point gas discharge path D4 for discharging a volatile 
gas component generated from said exhaust gas recov- 
ery part D and a high boiling point gas discharge path 
E26 for discharging a high boiling point gas in a liquid 
state generated from said exhaust gas purification part 
E in communication to a i . armful substances eliminating 
device G, the gas recovery unit is constructed such that 
the exhaust gas to be released to the atmosphere is 
made harmless. 

Said CVD device A comprises a chamber A1 for 
forming a silicon film which will be used in TFT liquid 
crystal or the like, and said chamber A1 has a feed gas 
introduction pipe A2 for a silicon film-forming feed gas, 
the diluting inert gas supply path A3 and the cleaning 
gas supply path A4 and further has a cleaning mixed 
gas introduction pipe A6 connected in succession to a 
gas mixing regulation device A5 for mixing 1% of nitro- 
gen trifluoride (NF 3 ) as the cleaning gas into nitrogen 
gas as the diluting inert gas. Further, the chamber A1 is 
constructed such that various equipments, for example, 
a substrate carrier part (not shown) for mounting a sub- 
strate on which a silicon film is to be formed and a plas- 
ma generating part (not shown), are built therein and an 
exhaust gas discharge pipe A7 is provided for discharg- 
ing an exhaust gas generated in said chamber A1 . 

Said filter device B is connected in succession to 
said exhaust gas discharge pipe A7, and comprises a 
filter (not shown) built therein for filtering the exhaust 
gas from said exhaust gas discharge pipe A7 to remove 
a solid component such as a silicon component double- 
produced in said CVD device A and having a discharge 
pipe B1 provided so that the solid component can be 
filtered from said exhaust gas and discharged down- 
stream. 

Said adsorption device C is connected in succes- 
sion to said discharge pipe B1 , and comprises an ad- 
sorption column (not shown) built therein for removing, 
by adsorption, gas components having boiling points 
higher than that of said nitrogen trifluoride (NF 3 ), such 
as moisture and carbon dioxide gas contained in the ex- 
haust gas from said discharge pipe B1 , and a discharge 
pipe C1 so that the high boiling point gases can be re- 
moved by adsorption from said exhaust gas and dis- 
charged downstream. 

Said exhaust gas recovery part D is constructed so 
as to have an inert gas reservoir part D1 equipped with 
a cooling inert gas supply part DO for supplying liquid 
nitrogen as said cooling inert gas in a liquid state, to 
have an exhaust gas supply part D2 connected in com- 
munication with said discharge pipe C1 for supplying 
said exhaust gas to said inert gas reservoir part D1 so 



that it can be brought into gas-liquid contact with the 
cooling inert gas, and to have a recovered and liquefied 
gas discharge part D3 for discharging a recovered and 
liquefied gas resulting from the liquefication of said ex- 
s haust gas in said inert gas reservoir part D1 . The inert 
gas reservoir part D1 is constructed such that a plural 
stage type gas absorption part is provided therein to en- 
hance the gas-liquid contact efficiency. In addition, a 
miscellaneous gas having a low boiling point which is 
10 not liquefied in said inert gas reservoir part D1 can be 
released from the low boiling point gas discharge path 
D4 to the atmosphere. 

Said exhaust gas purification part E is composed of 
a prerectification part E1 and a main purification part E2. 
is Said prerectification part E1 comprises a rectification 
column containing packings E11 charged therein. The 
rectification column has a reboiler E12 provided in its 
lower part, a recovered and liquefied gas reception part 
E10 for receiving the recovered and liquefied gas from 
20 said recovered and liquefied gas discharge part D3, and 
a miscellaneous gas discharge part E13 for causing an 
evaporated gas containing a miscellaneous gas having 
a low boiling point which has not been returned because 
of said packings to circulate to said exhaust gas recov- 
25 ery part D, where said discharge part E1 3 is connected 
in communication with a miscellaneous gas supply part 
D5 provided in said exhaust gas recovery part D. 

Owing to the aforementioned construction, the re- 
covered and liquefied gas in said prerectification part E1 
30 is freed of the miscellaneous gas having a low boiling 
point and the liquid nitrogen in said exhaust gas recov- 
ery part D. Even if the miscellaneous gas discharged 
from said miscellaneous gas discharge part E13 con- 
tains the said nitrogen trifluoride (NF 3 ), it will be recov- 
35 ered in said exhaust gas recovery part D again. 

The main purification part E2 comprises a rectifica- 
tion column having a recovered and liquefied gas supply 
part E21 for receiving the recovered and liquefied gas 
from said recovered and liquefied gas forwarding path 
40 E14, an evaporator E22 for evaporating the recovered 
and liquefied gas and a condenser E23 for carrying out 
a heat exchange between the cooling inert gas in a liquid 
state having the same composition as the diluting inert 
gas and the recovered and liquefied gas which has been 
45 evaporated. The column also contains packings E24 
charged therein for rectifying the recovered and lique- 
fied gas. Said rectification column also has a cleaning 
gas recovery part E25a for recovering the cleaning gas 
in a gaseous state which has been purified, a cleaning 
so gas recovery part E25b for recovering the cleaning gas 
which has been condensed in said condenser E23, and 
a high boiling point gas discharge path E26 for discharg- 
ing a miscellaneous gas having a high boiling point 
which has remained as a liquid component by rectifica- 
55 tion. The cleaning gas recovery part E25a is connected 
with said cleaning gas supply path A4 so that the recov- 
ered and purified nitrogen trifluoride (NF 3 ) can be used 
for the supply of a cleaning gas to said CVD device A, 
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and the high boiling point gas discharge path E26 is con- 
nected with said harmful substances eliminating device 
G so that the miscellaneous gas having a high boiling 
point which has remained is sent to the harmful sub- 
stances eliminating device. The condenser E23 is con- s 
structed such that a cooling space E23c is provided 
which has a reception path E23a for receiving the re- 
covered and liquefied gas which has been evaporated 
and a recovered liquid take-out part E23b for sending 
the cleaning gas which has been condensed to said io 
cleaning gas recovery part E25b, whereby nitrogen trt- 
fluoride (NF 3 ) can be recovered even in a liquid state. 
The condenser is further constructed so as to have a 
cooling inert gas supply EO for supplying liquid nitrogen 
as the cooling inert gas from said cooling inert gas sup- is 
ply part and a cooling inert gas discharge part E27 for 
discharging the evaporated gas of said liquid nitrogen. 
Said cooling inert gas discharge part E27 is connected 
with said diluting inert gas supply path A3 so that the 
cooling inert gas which has been evaporated can be uti- 20 
lized in said CVD device A again. 

Said harmful substances eliminating device G is 
constructed so as to apply high energy such as plasma 
or heat to the miscellaneous gas having a low boiling 
point from said exhaust gas recovery part D or to the 2s 
miscellaneous gas having a high boiling point from said 
exhaust gas purification part E so that any nitrogen trif- 
luoride (NF 3 ) remaining or mixed therein is completely 
decomposed. Thus, such miscellaneous gas can be 
rendered environmentally safe and released to the at- 30 
mosphere. 

Said exhaust gas recovery part D and said exhaust 
gas purification part E are accommodated in a thermally 
insulated vessel (cold box) J so as to be kept at low tem- 
peratures. A connection path between the discharge 35 
pipe C1 and exhaust gas supply path D2, said low boil- 
ing point gas discharge path D4 and a connection path 
between said inert gas discharge part E27 and diluting 
inert gas supply path A3 are made to intervene in a heat 
exchanger H for relieving an environmental difference 40 
in temperature among said CVD device A, filter device 
B and adsorption device C, said exhaust gas recovery 
part D and said exhaust gas purification part E. 

In a case where a foreign matter is generated in said 
CVD device A and hence its cleaning or removal is re- 45 
quired, owing to the aforementioned construction, the 
feed gas introduction pipe Al of said CVD device A is 
closed, substrates in the CVD device are taken out and 
the supply of liquid nitrogen from said cooling inert gas 
supply part is started. After the exhaust gas recovery so 
part D and exhaust gas purification part E are sufficiently 
cooled down, the cleaning mixed gas introduction pipe 
A6 is opened in said CVD device A so that cleaning 
mixed gas containing nitrogen trifluoride gas is intro- 
duced into said CVD device. Since said nitrogen trifluo- ss 
ride gas then reacts with said foreign matter to evapo- 
rate said foreign matter, the inside of said CVD device 
A is cleaned. At that time, an exhaust gas containing an 
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excess of said nitrogen trifluoride gas easily flows 
through the exhaust gas discharge pipe A7 because 
said nitrogen trifluoride gas is used relatively in an ex- 
cess amount. By removing from said exhaust gas any 
solid foreign matter by means of said filter device B and 
by removing a high boiling point component gas from 
said exhaust gas by means of said adsorption device C, 
said exhaust gas is easily made to be nitrogen gas con- 
taining only nitrogen trifluoride gas and low boiling point 
gas mixed therein. When the exhaust gas is caused to 
pass through the exhaust gas supply part D2 of said ex- 
haust gas recovery part D, said exhaust gas is cooled 
down by liquid nitrogen so that the nitrogen trifluoride 
gas is condensed and collected in the lower portion 
thereof. Said nitrogen trifluoride is sent to the exhaust 
gas purification part E so as to be purified for re-use. 

In addition, it has been demonstrated that 90% or 
more of the nitrogen trifluoride gas contained in the ex- 
haust gas from said adsorption device C is recovered 
by said exhaust gas recovery part D and exhaust gas 
purification part E and can be used in recycle. 

Said prerectification part E1 and said exhaust gas 
recovery part D may be formed as one body, as shown 
in Fig. 2. In said inert gas reservoir part D1, due to the 
construction shown in Fig. 2, liquid nitrogen and an ex- 
haust gas will be brought in gas-liquid contact with each 
other in a plural stage type bubble column. 

As to items having the same construction as the 
aforementioned embodiment described in Fig 1 , their 
explanation is omitted but the same marks are given in 
Fig. 2. 

The diluting inert gas supply path A3 and cleaning 
gas supply path A4 may be satisfactorily provided in said 
chamber A1 so that the composition of a cleaning mixed 
gas to be supplied to said CVD device can be regulated, 
although said gas mixing regulation device A5 is not pro- 
vided. In such a case, said diluting inert gas supply path 
A3, cleaning gas supply path A4 and cleaning mixed gas 
introduction pipe A6 will be generically referred to as a 
gas introduction part. In a case where a cleaning mixed 
gas regulation device is provided in the aforementioned 
CVD device, said cleaning mixed gas introduction pipe 
will be generically referred to as a gas introduction part, 
and in a case where a cleaning mixed gas regulation 
device is not provided, the inert gas supply pipe and said 
cleaning gas supply pipe will be also generically referred 
to as a gas introduction part. 

As the cleaning gas, there can be used nitrogen tri- 
fluoride (NF 3 ), hexafluororethane (C 2 F 6 ), chlorine triflu- 
oride (C€F 3 ), tetrafiuoromethane (CF 4 ), trifluorom eth- 
ane (CHF 3 ), sulfur hexafluoride (SF 6 ), hydrogen chlo- 
ride (HCI), chlorine (C€ 2 ) or the like. Such cleaning gas 
may be satisfactorily used as needed to clean a CVD 
device. In a case where nitrogen trifluoride (NF 3 ) is 
used, in addition, it is possible to remove silicon com- 
pounds such as silicon dioxide (SiO^), polysilicon, metal 
silicide (for example, tungsten silicide (WSix)) . 

As the inert gas, there is preferably selected a gas 
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having a boiling point lower than that of said cleaning 
gas. When nitrogen gas is used as the inert gas, it is 
relatively cheap and higher in general usability because 
its boiling point is lower than that of the various cleaning 
gases mentioned above. Of course, another suitable 5 
gas such as argon gas may also be used. 

In place of said CVD device, the gas recovery unit 
according to the present invention may be applied to an 
etching device constructed such that after a mask is fit- 
ted, the masked surface of said substrate is etched by io 
an etching gas. In addition, said etching device corre- 
sponds to the CVD device in Fig. 1 and the etching gas 
corresponds to the cleaning gas. 

Said exhaust gas discharge pipe A7 and said dis- 
charge pipes B1 , C1 will be genericaily referred to as an *5 
exhaust gas discharge part. In addition, a route extend- 
ing between said exhaust gas recovery part and said 
exhaust gas purification part for recovering said clean- 
ing gas (etching gas) which has been liquefied is not 
limited to the construction of the aforementioned em- 20 
bodiment, if it is constructed so as to recover the same 
liquefied cleaning gas (etching gas) for recycle use. 

Although reference marks are given in the claims in 
order to facilitate the comparison of the subject matter 
with the drawings, the present invention is not limited to 25 
the constructions illustrated in the accompanying draw- 
ings by these reference marks. 

Claims 30 

1 . A gas recovery unit which comprises: 

a CVD device (A) with a gas introduction part 
(A6) having an inert gas supply path (A3) for 3S 
supplying a diluting inert gas and a cleaning gas 
supply path (A4) for supplying a cleaning gas, 
each connected thereto, and which has an ex- 
haust gas discharge part (A7) for releasing an 
exhaust gas; and 40 
an exhaust gas recovery part (D) for cooling 
down and recovering said cleaning gas from 
said CVD device (A) and an exhaust gas puri- 
fication part (E) for purifying the liquefied and 
recovered exhaust gas; characterized in that: 45 

said diluting inert gas is comprised of a gas hav- 
ing a boiling point lower than that of said clean- 
ing gas, 

in that said exhaust gas recovery part (D) is so 
constructed so as to have an inert gas reservoir 
part (D1 ) capable of accommodating a cooling 
inert gas having a boiling point lower than that 
of said cleaning gas in a liquid state, to have an 
exhaust gas supply part (D2) for supplying said S5 
exhaust gas to said inert gas reservoir part (D1 ) 
so that it can be brought in gas-liquid contact 
with said cooling inert gas, and to have a recov- 
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ered and liquefied gas discharge part (D3) for 
discharging the recovered and liquefied gas 
which has been liquefied in said inert gas res- 
ervoir part (D1), 

in that said exhaust gas purification part (E) is 
constructed so as to have a recovered and liq- 
uefied gas reception part (E10) provided for re- 
ceiving the recovered and liquefied gas from 
said exhaust gas recovery part (D), to have an 
evaporator (E22) for evaporating said recov- 
ered and liquefied gas, a condenser (E23) for 
carrying out a heat exchange between the cool- 
ing inert gas in the liquid state consisting of the 
same composition as said diluting inert gas and 
said recovered and liquefied gas which has 
been evaporated, and cleaning gas recovery 
parts (E25a), (E25b) for recovering the clean- 
ing gas which has been condensed in said con- 
denser (E23), and to have a cooling inert gas 
discharge part (E27) for discharging said cool- 
ing inert gas which has been evaporated; 
and in that the cooling inert gas discharge part 
(E27) is connected to said inert gas supply path 
(A3). 

2. A gas recovery unit, wherein an etching device (A) 
is provided having a gas introduction part (A6) com- 
prising an inert gas supply path (A3) for supplying 
a diluting inert gas and an etching gas supply path 
(A4) for supplying an etching gas : each connected 
thereto, and which has an exhaust gas discharge 
part (A7) for releasing an exhaust gas; and 

an exhaust gas recovery part (D) for cooling 
down and recovering said etching gas from the 
exhaust gas from said etching device (A) and 
an exhaust gas purification part (E) for purifying 
the liquefied and recovered exhaust gas; and 
in which 

said diluting inert gas is comprised of a gas hav- 
ing a boiling point lower than that of said etch ing 
gas; 

said exhaust gas recovery part (D) is construct- 
ed so as to have an inert gas reservoir part (D1 ) 
capable of accommodating a cooling inert gas 
having a boiling point lower than that of said 
etching gas in a liquid state, to have an exhaust 
gas supply part (D2) for supplying said exhaust 
gas to said inert gas reservoir part (D1 ) so that 
it can be brought in gas-liquid contact with said 
cooling inert gas, and to have a recovered and 
liquefied gas discharge part (D3) for discharg- 
ing the recovered and liquefied gas which has 
been liquefied in said inert gas reservoir part 
(01); 

said exhaust gas purification part (E) is con- 
structed so as to have a recovered and liquefied 
gas reception part (E10) for receiving the re- 
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covered and liquefied gas from said exhaust 
gas recovery part (D), to have an evaporator 
(E22) for evaporating said recovered and lique- 
fied gas, a condenser (E23) for carrying out a 
heat exchange between the cooling inert gas s 
consisting of the same composition as said di- 
luting inert gas and said recovered and lique- 
fied gas which has been evaporated, and etch- 
ing gas recovery parts (E25a), (E25b) for recov- 
ering the etching gas which has been con- io 
densed in said condenser (E23), and to have a 
cooling inert gas discharge part (E27) for dis- 
charging said cooling inert gas which has been 
evaporated; and 

the cooling inert gas discharge part (E27) is ?s 
connected to said inert gas supply path (A3). 

3. A gas recovery unit, according to anyone of claims 
1 or 2, in which a prepurification part (E1) for pre- 
rectifying said recovered and liquefied gas so that 20 
a miscellaneous gas having a boiling point lower 
than that of said cleaning gas or said etching gas is 
removed from the recovered and liquefied gas is 
provided in said exhaust gas purification part (E), 
and a miscellaneous gas discharge part (E13) for 2s 
discharging said miscellaneous gas is provided in 
said prepurification part (E1). 

4. A gas recovery unit, according to claim 3, in which 

a miscellaneous gas supply part (D5) for supplying 30 
said miscellaneous gas from said prepurification 
part (El) so that it can be brought in gas-liquid con- 
tact with said cooling inert gas is provided in said 
exhaust gas recovery part (D) . 

35 

5. A gas recovery unit, according to any one of claims 
1 to 4, in which said cleaning gas or said etching 
gas comprise at least one gas selected from the 
group consisting of nitrogen trifluoride (NF 3 ), hex- 
afluoroethane (C 2 F 6 ), chlorine trifluoride (C*F 3 ), 40 
tetrafluoromethane (CF 4 ) : trifluoromethane (CHF 3 ), 
sulfur hexafluoride (SF 6 ), hydrogen chloride (HCI), 
chlorine (C€ 2 ), perfluoro compound gases (PFCs) 
and mixtures thereof. 



A gas recovery unit, according to any one of claims 
1 to 5, in which said inert gas is nitrogen gas. 



45 
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